6803 and Anabaena sp. strain PCC 7120. Sequence analysis has shown that these ntcA genes would encode polypeptides strongly similar (77 to 79%o identity) to the Synechococcus NtcA protein. Sequences hybridizing to ntcA have been detected in the genomes of nine other cyanobacteria that were tested, including strains of the genera Anabaena, Calothrux, FischereUla, Nostoc, Pseudoanabaena, Synechococcus, and Synechocystis.
Cyanobacteria are phototrophic eubacteria that carry out oxygenic, plant-type photosynthesis. Most cyanobacteria are able to use nitrate or ammonium as a source of nitrogen, and many strains are capable of dinitrogen fixation (14) . In some filamentous cyanobacteria, fixation of dinitrogen under aerobic conditions takes place in heterocysts, specialized cells that differentiate at semiregular intervals along the filament (6) . Ammonium, acting through the products of its metabolism via glutamine synthetase, behaves as a repressor of the systems for nitrate assimilation (7, 8) and dinitrogen fixation, including heterocyst development (15) . Ammonium also represses the proteins involved in its own assimilation, such as glutamine synthetase and the ammonium-methylammonium transport system (16, 18) . In Synechococcus sp. strain PCC 7942, expression of the nitrate assimilation system and of other functions which are subject to repression by ammonium has been shown to require the action of a positive-acting element, the product of the ntcA gene (18) . This protein belongs to the family of bacterial transcriptional regulators whose best-known example is Crp, the cyclic AMP-binding protein from Escherichia coli (17) . We (14) , and total DNA was isolated as described before (2) .
Recombinant DNA techniques. Plasmid isolation from E. coli DH5a and HB101, restriction endonuclease digestion, and agarose gel electrophoresis were carried out by standard methods (1, 11) . DNA probes were labelled with a "random primed" kit with [a-32P]dCTP (3, 
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The Synechocystis gene library used, constructed in the lambda-ZAP II vector and kindly provided by G. Kakefuda and J. Preiss (Michigan State University), was manipulated as described previously (12) . Other vectors used for cloning or subcloning were pBluescript SK(+), pIC-20R, and pRL500 (3). DNA fragments used for sequencing were generated by digestion with restriction enzymes or exonuclease III. (Fig. 1A) that bears a BamHI-RsaI restriction fragment of about 0.5 kb where hybridization to ntcA was located was identified (Fig. 1A) . Sequencing of DNA in this region revealed an open reading frame of 225 codons with a putative ribosome-binding site 3 bp upstream of the ATG start codon (Fig. 2A) . The polypeptide deduced from this open reading frame shows 79% identity with the NtcA protein from Synechococcus sp. strain PCC 7942 (Fig. 3) .
Cloning and sequencing of ntcA from Anabaena sp. strain PCC 7120. A 471-bp BamHI-BglII internal fragment from the Synechocystis ntcA gene (Fig. 1A) showed hybridization to a ClaI fragment of ca. 3.45 kb and to a HindIII fragment of ca. 5.1 kb from the genomic DNA of Anabaena sp. strain PCC 7120. Size-fractionated gene libraries were constructed, and an ntcA-hybridizing clone containing a ClaI fragment of ca. 3.45 kb was isolated. Sequences hybridizing to ntcA were located to one of the ends of this DNA fragment, and sequence analysis revealed part of an open reading frame encoding a polypeptide that showed similarity to the C-terminal end of the NtcA protein from strains PCC 7942 and PCC 6803 (Fig. 1B) . We then used a 338-bp ClaI-EcoRI fragment containing the 3'-terminal part of the Anabaena ntcA-like gene (see Fig. 1B ) to probe the size-fractionated gene library of HindIII fragments from Anabaena sp. strain PCC 7120. A clone containing the insert of Anabaena DNA shown in Fig. 1B was obtained, and the sequence of the ntcA gene was determined (Fig. 2B) . This sequence shows an open reading frame composed of 223 codons, representing the putative Anabaena ntcA gene; two putative ribosomebinding sites are found close to the ATG start codon (Fig.  2B) . The deduced Anabaena NtcA protein shows 77 and 86% identity with the NtcA proteins from Synechococcus sp. strain PCC 7942 and Synechocystis sp. strain PCC 6803, respectively (Fig. 3) .
DNA sequences homologous to ntcA in other cyanobacteria. To test whether the ntcA gene is widespread among the cyanobacteria, hybridization of total DNA from several cyanobacteria with probes from the Anabaena and Synechocystis ntcA genes was carried out. The 338-bp ClaIEcoRI fragment internal to the ntcA gene fromAnabaena sp. strain PCC 7120 was used to probe at high stringency genomic DNA from cyanobacteria closely related to strain PCC 7120, namely, Anabaena sp. strain PCC 6411, Nostoc sp. strain PCC 6719 (9) , andA. variabilis. The same fragment was used at low stringency to probe DNA from other heterocyst-forming cyanobacteria not so closely related to strain PCC 7120, namely, Calothrix sp. strain PCC 7601, Nostoc sp. strain PCC 7422, and F. muscicola. Hybridization was observed in every case ( Fig. 4A and B) . The 471-bp BamHI-BglII internal fragment from the strain PCC 6803 ntcA gene was used for hybridization at low stringency with genomic DNA from Pseudoanabaena sp. strain PCC 6903, Synechococcus sp. strain PCC 7202, and Synechocystis sp. strain PCC 6308; positive results were also obtained in every case (Fig. 4C) (10) . This sequence is found upstream from a number of nitrogen assimilation genes in cyanobacteria other than strain PCC 7942, e.g., the ginA (glutamine synthetase) genes from strains PCC 7120 (16) and PCC 6803 (13) and the nir (nitrite reductase) gene from strain PCC 7120 (4) . Upstream from the glnA gene in strain PCC 7120, the putative NtcA binding sequence is found in front of the PI promoter, which is active under nitrogen starvation (16) . Further work is necessary to define the extent of nitrogen assimilation processes regulated by NtcA in cyanobacteria other than Synechococcus sp. strain PCC 7942.
The nucleotide sequences reported in this note will appear in the EMBL/GenBank/DDBJ nucleotide sequence data libraries under accession numbers X71607 (strain PCC 6803 ntcA) and X71608 (strain PCC 7120 ntcA).
